Background. Delayed perforation is a rare but severe complication of endoscopic submucosal dissection (ESD) for early gastric neoplasm (EGN). The aim of this study was to clarify clinical factors related to delayed perforation after ESD. Methods. A total of 1158 consecutive patients with 1199 EGNs underwent ESD at our hospital between January 2000 and December 2015. Univariate analysis was used to identify clinicopathological factors related to delayed perforation. Moreover, duration of cautery needed for hemostasis was measured by comparison between perforated and nonperforated points in patients with delayed perforation. Results. Delayed perforation occurred in 5 of 1158 consecutive patients with 1199 EGNs who underwent ESD (0.42%). All cases were diagnosed within 24 h after ESD and recovered with conservative management. On univariate analysis, location in the upper stomach was the factor most significantly associated with delayed perforation (P < 0 01). Duration of cautery needed for hemostasis was significantly longer at perforated points (9 s) than at nonperforated points (3.5 s) in five patients. Conclusions. Location in the upper stomach was the risk factor most prominently associated with delayed perforation after ESD for EGNs. In addition, delayed perforation appears associated with excessive electrocautery for hemostasis.
Introduction
Endoscopic submucosal dissection (ESD) has become widespread as a treatment for early gastric neoplasms (EGNs) with a negligible risk of lymph node metastasis, such as early gastric cancer (EGC) and adenoma [1] . Compared with conventional endoscopic mucosal resection, ESD offers advantages of high curability without local recurrence. The major complications of gastric ESD are bleeding and perforation [2, 3] . Most perforations occur during the ESD procedures, with rates reportedly ranging from 1.2% to 9.6% [2] [3] [4] [5] [6] [7] [8] [9] . Delayed perforation occurs after completion of ESD, even when perforation is not detected during the ESD procedure. Some studies have reported rates of delayed perforation of 0.06-0.45% after gastric ESD [3, [10] [11] [12] [13] . Several case reports have also described delayed perforation after ESD for EGC [14] [15] [16] [17] [18] . The mechanism underlying small delayed perforation is considered to be excessive electrocautery for hemostasis [10, 11, [13] [14] [15] 17] . The correlation between duration of cautery and delayed perforation has not previously been reported. This appears to represent the first report to confirm a statistical correlation between duration of cautery and delayed perforation. Clinical risk factors and methods for the management of delayed perforation after ESD for EGN are described in this report.
Materials and Methods

Patients. A total of 1158 consecutive patients with 1199
EGNs underwent ESD at the Hyogo Cancer Center between January 2000 and December 2015. All lesions were diagnosed as gastric adenoma or adenocarcinoma. The indication for treatment of EGNs was based on the expanded indications accepted by the Japanese Gastric Cancer Association [19] . These expanded indications included lesions such as (i) differentiated intramucosal cancer without ulcers, irrespective of tumor size; (ii) differentiated intramucosal cancer, <3 cm in size, with ulceration; (iii) differentiated minute (<500 μm from muscularis mucosae) submucosal invasive cancer, <3 cm in size; and (iv) undifferentiated intramucosal cancer without ulcer, <2 cm in size. Duration of cautery needed for hemostasis was measured by reviewing the video of the ESD procedure. While the bleeding point is cauterized by the hemostatic forceps, small bubbles, whitening of tissue, and steam are observed. Duration of cautery was defined the total time of cautery in which such above findings were observed. Three experts who performed gastric ESD more than 200 cases identified perforated and nonperforated points by reviewing the video and pictures of ESD procedure in contrast to the pictures with delayed perforation.
ESD Procedure.
ESD procedures were performed as previously reported [20] . A high-frequency generator (ICC350 or VIO300D; ERBE, Tubingen, Germany) was used. Electrosurgical devices used in ESD were mainly the insulated-tip knife 2 (IT2, KD-610L or KD-611; Olympus, Tokyo, Japan) or the Flush knife BT (DK2618JB20; Fujifilm Medical, Saitama, Japan). The models used with the ICC350 were the forced-coagulation mode at 20 W for marker dots; the endocut mode, effect3 at 100 W for mucosal incision; the forced-coagulation mode at 50 W for submucosal dissection; and the soft-coagulation mode at 80 W for hemostasis. The models used with the VIO300D were the soft-coagulation mode, effect 5 at 100 W for marker dots; the endocut I mode, effect 3, duration 3, interval 2 for mucosal incision; the swift-coagulation mode, effect 5, at 100 W for submucosal dissection; and the soft-coagulation mode, effect 5 at 100 W for hemostasis. For submucosal injection, saline, 20% concentrated glycerin-fructose (Glyceol; Chugai Pharmaceuticals, Tokyo, Japan), or 0.4% sodium hyaluronic acid (Mucoup; Johnson & Johnson, Tokyo, Japan) were used in ESD, either alone or mixed with 2% epinephrine (Bosmin; Daiichi Pharmaceuticals, Tokyo, Japan). The devices used to achieve hemostasis during ESD were hemostatic forceps (FD-410LR; Olympus or 1503; Boston Scientific, Boston, MA) for coagulating vessels. The day following ESD, scheduled second-look endoscopy was performed in about 98% of 1158 patients.
Assessments of Factors Associated with Delayed
Perforation. The following clinicopathological factors were retrospectively analyzed by comparing cases with and without delayed perforation: sex (male versus female); age (<70 years versus ≥70 years), status of the stomach (normal/remnant versus stomach gastric tube), location (upper versus middle/lower), size (≤20 mm versus >20 mm), depth of invasion (M versus SM), ulceration (absent versus present), and procedure time (<2 h versus ≥2 h).
2.4. Definition of Delayed Perforation. Delayed perforation was defined as cases in which perforation had not been detected during and just after completion of ESD, but subsequent endoscopy showed perforation and computed tomography (CT) showed free air after ESD.
Statistical Analysis.
On univariate analyses to assess clinicopathological factors, the χ 2 test was used to compare cases with and without delayed perforation. The t-test was used to determine whether a significant difference in duration of cautery existed between perforated and nonperforated points.
Results
Clinicopathological findings for the 1199 EGNs are shown (Table 1) . Delayed perforation occurred in 5 of the 1199 EGNs that underwent ESD (0.42%). The clinicopathological features and clinical outcomes of patients with delayed perforation are shown in Table 2 . Three patients were asymptomatic, and the delayed perforations were found on scheduled second-look gastroscopy (Figures 1, 2, 3 , and 4). In the remaining two patients, emergent gastroscopy for symptoms of fever and abdominal pain showed delayed perforation ( Figures 5, 6 , and 7). All cases were diagnosed within 24 h after ESD. Median diameter of the delayed perforations observed by gastroscopy was 4 mm (range, [3] [4] [5] . Four lesions were located in the upper third on the lesser curvature near the posterior wall of the stomach (Figure 1 ). One lesion was located in the lower third on the greater curvature of the stomach ( Figure 5 ). In this study, delayed perforation may have been due to excessive electrocautery for hemostasis because of measurement of hemostatic duration with videos ( Figures 2 and 5 ). Delayed perforation consistently occurred in the normal stomach and did not occur in postoperative stomach, such as a remnant stomach or gastric tube. The device used in the ESD procedures was the IT2 in all five cases of delayed perforation. Histological study of the resected specimens showed that all lesions represented differentiated adenocarcinoma, with no scar in the tumor. CT showed free air in all cases (Figures 4 and 7) . Chest X-ray examinations in the standing position were performed in two cases and showed no free air ( Figure 3 ). The two perforations without free air on chest X-ray examinations were located in the upper third on the lesser curvature near the posterior wall of the stomach. Endoscopic clips were successful for closing the perforations completely in four cases but proved unsuccessful in one case. In that unsuccessful case, surgical treatment was able to be avoided, because symptoms of peritonitis were not observed due to early detection of the perforation and administration of an antibiotic agent. As a result, all cases recovered with conservative management and did not require surgical treatment. Median time to oral intake was 7 days (range, 5-15 days). No local recurrences or distant metastases were observed during follow-up (median, 26 months; range, 8-31 months). Clinicopathological factors were analyzed to identify associations with delayed perforation after gastric submucosal dissection (Table 3) . Delayed perforation was more frequent in the upper third of the stomach (1.8%; 4/222) than in other regions (0.1%; 1/977). Based on univariate analyses, location in the upper third of the stomach was the only significant factor associated with delayed perforation (P < 0 01). Comparison of duration of cautery needed for hemostasis between perforated and nonperforated points is shown in Table 4 . In the five patients, average duration of cautery needed for hemostasis at perforated points (9 s; n = 5) was significantly longer than that required at nonperforated points (3.5 s; n = 37). In addition, duration of cautery at perforated points was longest among all duration recorded for hemostasis of all bleeding points in each case.
Discussion
Delayed perforation after ESD for EGN is less common than perforation during the ESD procedure. Unlike perforation during ESD, delayed perforation is associated with a high rate of peritonitis and requires surgical treatment [10] [11] [12] [13] [14] . In the present study, however, all 5 cases recovered without surgical treatment. The early detection and diagnosis of delayed perforation before dietary intake allowed surgical treatment to be avoided. Rates of delayed perforation have been reported to range from 0.06% to 0.45% [3, [10] [11] [12] [13] . The rate in the present study was similar, at 0.42% (5/1199). The size of delayed perforations reported in several previous cases ranged from 2 to 20 mm [10, 11, [13] [14] [15] [16] [17] [18] . The mechanism underlying small, delayed perforation is considered to be excessive electrocautery for hemostasis [10, 11, [13] [14] [15] 17] . Large delayed perforations, such as around 20 mm in diameter, are thought to develop via different, as-yet unclear, mechanisms.
The present study showed that location in the upper third of the stomach was the factor most significantly associated with delayed perforation. Many studies have reported the upper-third location as associated with a higher rate of perforation during ESD [3, [6] [7] [8] 21] . In terms of bleeding, Oda et al. reported that rates of significant immediate bleeding are higher in the upper and middle thirds of the stomach than in the lower third because of the larger diameter of the submucosal arteries in the upper and middle thirds [3, 4, 22] . Excessive electrocautery for hemostasis in the upper third of the stomach during ESD was thus suggested to be associated with a higher rate of delayed perforation in the upper third location. Suzuki et al. reported that gastric tube cases were significantly associated with delayed perforation [10] . In the present study, delayed perforation did not occur in gastric tube cases.
Until now, no reports have shown a correlation between duration of cautery and delayed perforation. Also, duration of excessive electrocautery has been unclear. In this study, delayed perforation occurred with cautery lasting a total of 7 s in one patient. In another patient, delayed perforation occurred by cautery lasting 11 s. Average duration of cautery needed for hemostasis in the five patients at perforated points (n = 5) was 9 s, significantly longer than the 3.5 s needed at nonperforated points (n = 37). In addition, duration of cautery at perforated points was longest in duration for hemostasis among all bleeding points in each case. On the one hand, delayed perforation did not occur in 1194 of the 1199 EGNs that underwent ESD. Among 1194 cases without delayed perforation, 5 cases were selected randomly in order to examine average duration of cautery for hemostasis. The total number of points needed for hemostasis by cautery was 34 in 5 cases without delayed perforation, and average duration of cautery was also 3.5 s (data not shown). Based on our results, excessive electrocautery thus seems to represent a key risk factor for delayed perforation. This is the first report to show a statistical correlation between duration of cautery and delayed perforation.
The major symptoms of delayed perforation are abdominal pain and fever. However, more than half of cases showing delayed perforation in the present study were asymptomatic. Even if symptoms are absent due to the small size of the perforation in the posterior wall, dietary intake will inevitably give rise to peritonitis. Most cases of delayed perforation in previous reports were diagnosed within 1-2 days after ESD [10, 11, 13-15, 17, 18] . All 5 cases in the present study were discovered within 24 h after ESD on emergent or scheduled second-look gastroscopy. In three cases, scheduled second-look gastroscopy allowed the diagnosis of delayed perforation before peritonitis developed. Scheduled second-look gastroscopy after ESD has not been routinely recommended for the prevention of post-ESD bleeding [23] . However, in cases of delayed perforation, second-look gastroscopy is useful for the detection of perforation [15] . Therefore, in cases that need frequent electrocautery for hemostasis in the upper third of the stomach, second-look gastroscopy may be useful for early detection of delayed perforation even in asymptomatic patients.
Closing a perforation with endoclips is easier on the day of ESD for EGN [24] . Closing a perforation with endoclips several days after ESD would be more difficult, because of necrosis around the perforation [18] . Some cases of conservative treatment for delayed perforations have been reported [10, 11, [15] [16] [17] [18] . Surgical treatment can be avoided if the perforation is small and the diagnosis is reached early, before oral intake is resumed, at the very least. Surgical treatment is inevitable if the perforation is found with progressive peritonitis or if the perforation is large. In this report, early detection and management of delayed perforation allowed us to avoid surgical treatment. In one patient, endoclips failed to close the perforation, but surgical treatment was avoided due to delayed dietary intake for 15 days.
Suitable preventive measures for delayed perforation have not yet been established. However, two measures are applied for the prevention of delayed perforation in our hospital. First, endoclips are applied to vessels requiring excessive electrocautery (about 9 s of duration) for hemostasis. Second, in addition to endoclips, a nasogastric (NG) tube is inserted into the stomach to reduce intrastomach pressure. The NG tube makes it possible to create negative pressure within the stomach using medical equipment or a manual method. Use of an NG tube is limited to those cases considered to be at high risk of delayed perforation. With such measures, no instances of delayed perforation have occurred in the last 3 years. The present study had several limitations. First, this was a retrospective study of our own database and medical records of patients with consecutive gastric ESD for EGNs. Second, the study cohort was small, because the number of delayed perforations was small. Third, this study was conducted at a single center, and gastric ESD procedures were mainly performed by five highly experienced endoscopists. A multicenter prospective cohort study of ESD for early gastric cancer is currently underway [25] .
Conclusions
In conclusion, lesion in the upper third of the stomach was significantly associated with delayed perforation. Moreover, excessive duration of cautery correlated with delayed perforation.
